Abstract. This paper designed a control system for welding curved structure workpieces. The control system contains the robot welding system and the positioner system. The SIEMENS PLC type S7-1200 controls the revolving of the positioner. Adjusting the output frequency of the inverter achieves the change of the revolving speed of the positioner. The external axis of KUKA robot controls the rotation of the positioner. The communication between robot and PLC and the teaching programming of robot can achieve the high efficiency and high quality of welding.
Introduction
With the rapid development of automation and intelligence of welding technology, more and more robots are applied to industrial production, which can ensure the welding quality and reduce the production cost [1] . In manufacturing field, in order to maximize the effectiveness of robot, welding robot is usually used in conjunction with the welding positioner so as to achieve efficient and high-quality welding production [2] .
The welding control system based on robot was designed for a curved structure workpiece as shown in Figure 1 . The welding position of the workpiece is 4 arc welding seam and the length of each welding seam is 1.75m.
Overall Design of Control System
According to the actual welding needs, the hardware and software of the welding control system were designed with robot as the core. Due to the limitation of the robot's freedom and the complexity of the welding position and a large number of similar shape of the welded parts, positioner system was introduced to improve the production efficiency. Welding positioner put welding seam in welding or ship welding position through revolving and rotating movement of the table, and the robot carries out automatic welding, thus realizing high efficiency and high quality welding. Figure 2 shows the layout of the welding station, which is composed of three independent welding stations, namely, welding station 1, welding station 2 and welding station 3. The welding station 2 was a positioner. PLC controls the revolving of the positioner and the external axis of the robot controls the rotating of the positioner. When a station is conducting welding, the other two work stations can be installed and disassembled parts, which saves the robot's waiting time and improves the working efficiency. 
Welding Station Layout

System Composition
The welding control system based on robot contains robot controller, PLC, inverter, touch screen, servo drive, servo motors, welding power source etc. As shown in Figure 3 , operator sends the revolving speed signal to PLC by the touch screen HMI in the actual production process. PLC changes the motor speed by adjusting the output frequency of the inverter. After the workpiece is revolved to the setting position, PLC sends the signal to the robot. The external axis of robot controls the servo motor to rotate the positioner to the welding position, then the robot carries out welding according to the teaching program. The touch screen shows the welding parameters, the robot state and the welding mode. 
System Control Procedure Welding Robot Control Process
Communication between Robot and Welding Machine. The communication between robot and welding machine is realized by using DeviceNet communication protocol, with the robot as the DeviceNet master station and welding machine as the DeviceNet slave station. The robot transfers the welding control signal to the welding machine. After receiving the signal, the welding machine carries out the welding output and feeds back welding current and welding voltage to the robot, which are then displayed on teach Pendant.
Robot and PLC Communication. The robot communicates with PLC through the PROFINET communication protocol, with PLC as the PROFINET master station and the robot as the PROFINET slave station. PLC sends the revolving in place signal to the robot. After receiving the signal, the robot starts welding according to the teaching program and gives welding state feedback to PLC.
Positioner Control Process
The system used the seat type welding positioner which has two degrees of freedom as shown in Figure 4 . A working table for the 360 ° rotational degrees of freedom is especially convenient for rounded or curved structure of workpiece welding. The other one is the box type revolving degree of freedom under the working platform, which can realize the welding position to the ideal position for welding. Therefore, the controlling of the positioner includes rotating control and revolving control. Because the rotation and revolution of the positioner respectively achieve different degrees of freedom of workpiece and the control precision and the feedback requirement are different, the control mode is also different. The Revolving Control Process. The accuracy of the positioner's revolving control is not required to be high, with the switch between 0 ° and 90 ° only needed. PLC is used to control the revolving of the machine, and the PLC control program and the touch screen interface has been designed. When the operator sends a revolving signal to the PLC by the touch screen, the PLC receives the signal and converts it into analog signal which will be then input to the inverter. The actual speed of the motor is determined by the output frequency of the inverter. Passing a tray connected with a reducer, limit switches detects whether the revolution is in place. The revolving control of the positioner was realized as shown in Figure 5 . The Rotating Control Process. The main purpose of the rotation of the positioner is to rotate the workpiece to the appropriate position, then the robot carries out welding. Unlike the revolving control of the positioner, its control accuracy has to be very high. A slight deviation led to the robot welding deviation from the original welding, which would result in failure of welding. Therefore, the rotation of the positioner is controlled by the external axis of the robot to achieve the rotation of the workpiece. Figure 6 shows the rotating control process.
Hardware Design of Control System
A KUKA KR6-2 robot is used, including robot body, the most advanced KR C4 controller, teaching device, cable, etc. It is a 6-axis robot which can reach 1.611m and the repetition precision is less than 0.05mm. The operating system contains a CD-ROM drive and a USB socket, an Ethernet interface and an optional interface that provides PROFIBUS, INTERBUS, DeviceNet and PROFINET.
PLC: Siemens S7-1200 PLC is used, the CPU model for 1215C, which provides up to 100 kb of shared memory for user instructions and data. It has 6 high-speed counter and four 100kHz high speed pulse output and can be extended to 8 signal modules and 3 communication modules. CPU real-time monitor the input port state and real-time refresh the output state in accordance with the user program. The user program may contain Boolean logic operation, counting, timing, complex mathematical operations and other intelligent equipment communication [3] .
Welding power source: Germany's ForceMig 552 is used. It is suitable for welding of carbon steel and stainless steel and makes perfect arc striking performance, welding property, low spatter, strong application and excellent welding effect.
The revolving motor: According to the weight of the workpiece, motor rated power and speed, the three-phase AC motor with rated speed of 1390r/min, rated power of 2.2KW and frequency of 50HZ is used.
The rotating motor: The revolving control system adopted the Siemens PLC. Taking into account the system compatibility issues, the Siemens's servo motor is used and its model is 1FK7060-5AF71-1YY3-ZS19.
Inverter: According to the motor power, mechanical structure of the positioner, the delta brand VFD022M43B type inverter is used.
The touch screen: The Siemens TP700 model touch screen with reliable performance is selected. It has a 16 million color widescreen TFT true color LED display and excellent man-machine interface function and is suitable for harsh environment. It supports Gigabit transmission and can be automatically backed up through the optional HMI SIMATIC memory card. Because it has a built-in PROFIBUS and PROFINET interface, it supports for communication with a variety of brand PLC.
Software Design of Control System
The software flow chart of the control system is shown in Figure 7 . PLC controls the revolving of the positioner and changes motor speed by changing the frequency of the inverter. The external axis of the robot controls the rotating of the positioner. Information is exchanged between welding robot and PLC to realize welding. The touch screen displays the robot's working status, alarm and welding parameters.
Conclusions
The communication between the robot and the welder realizes the automatic welding of the robot. The communication between the robot and PLC realizes the joint control of robot, PLC and inverter in the movement of the positioner. The inverter communicates with PLC to achieve the speed control of the positioner. With the positioner coordinating with robot, the welding of different station is realized, which meets the flexible production requirements. Revolving and rotating of the positioner is controlled by the PLC and the external axis of robot, which ensured the accurate positioning and precise speed control of the positioner. The positioner runs smoothly to ensure the stability of the welding process and improve the welding quality and efficiency, so it has good significance for popularization. 
